f CUNE ~ %Ol O - = 5L
'LA-UR-81-110

TITLE: PHYSICAL AND CHEMICAL CIARACTERISTICS OF MT. ST. HELENS AIRBORNE DEBRIS

\ISTER

AUTHCR(S): ¥%. A. Sedlacek, G. H. Heiken, E. J. Mroz, E. S. Gladney,
D. R. Perrin, R. Leifer, I. Fisenne, L. Hinchliffe, and
R. L. Chuan

SUBM'TTED TO: Proceedings of NASA sponsored symposium on
Mt. St. Helens: Its Atmospheric Effect and

Climatic Impact, Washington, DC, November 18-19, 1980.

DISCLAIMER

By eccoptance of this articla, the publishur recognizas that the
U.S. Govarnment ratainy a nonexclutive, rovalty-trea licanse
to publish or reproduce the published form of this contribu-
tion, or to sllow others to do 30, for U.S, Govarnment pur-
poues,

The Los Alsnios Sciantific Laboratory requasts that the pub:
lisher identify this article as work parformad under the sus:
pices of the U.S, Department of Enargy.

m LOS ALAMOS SCIENTIFIC LABORATORY

Post Otfice Box 1663 Los Alamos, New Mex|co 87545
An Affirmative Acilor Egual Opportunity Empioyer

University of California

\t ‘)
Form No. 83A R) .
81 No. 2620 oRPARTMENT OF KNERGY v NN OF THIS DOCUMENT 18 UNLIMITED

" CONTRACT W-7408:-kNG. 14


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


PHYSICAL AND CHEMICAL CHARACTERISTICS OF MT. ST. HELENS AIRBORNE DEBRIS

W. A. Sedlacek, G. H. Heiken, E. J. Mroz, E. S. Gladney and D. R. Perrin
X

Los Alamos National Laboratory
Los Alamos, NM 87545

R. Leifer, I. Fisenne and L. Hinchliffe

USDOE
Environmental Measurements Laboratory
New York, NY

R. L. Chuan
Altadena, CA

ABSTRACT

Tephra and aerosols from the May 18, 1980 eruption of
Mt. St. Helens, Washington were sampled in the lower stra-
tosphere with a WB-57F aircraft, The main body of the
plune was intercepted over western Kansas on May 20, 48
hours after the eruption, at an altitude of 15.2 km. Con-
centrations on filter samples were 26 ng of S0,/g of air
and 579 ng of ash/g of air. Angular glass pyroclasts
ranged in size from 0.5 to 10.ym, with a mean grain size
of 2 um. Samples collected at altitudes o. 16.7 and 12.5
km had only traces of S04 and ash,

A second flight was flown, 72 hours afte, the erup-
tion, on May 21. From north Texas to central Wyoming, at
an altitude of 15.2 km; <0.5 *o 38 ng of ash/g of air and
1.0 to 2.2 ng of SO4/g of air were sampled. At an altitude
of 18.3 km, from central Wyoming to NW New Mexico, the

plume density and character were variable as described
here:

—
Operated for the U. S. Department of Energy by the University
of California.



Flight path (at 18.3 km) Concentration (ng/g of air)
504 ASH

N. W. Colorado 32.8 87.3

S. W. Colorado 0.6 11.6

N. W. New Mexico 36.1 29.6

Glassy pyroclasts similar to those sampled on the first flight
range in size from 0.5 to 4 pm dia.

Trace element aralysis revealed some volatile element enrichment,
but far less than previously observed in the plume from St. Augus-
tine Volcano, 1976. Values of 2!9Po/ 210Ph were 0.7 to 1.32
comparablie to the secular equilibrum value of 1.0 and far Jess
than ratios previously reported by Lambert (personal communication
1979).

As previously reported for Soufriere of St. Vincent this
plume also was fractionated with altitude between ash and sulfate
aerosol. Horizontal fractionation at a given altitude was also
observed as different portions of the extended eruption were
sampled (see table above). Rapid conversion to sulfate in the
first two or three days is apparent.

Follow-up observation of the northern hemisphere SO, aerosol
burden in late July and early August 1980 revealed an increase by
a factor of 2.5 above April 1980 measurements. Concentrations
observed during April 1980 were increased by a factor of two above
April 1979 (the 1lowest concentrations seen in the past three
years). The April 1979 to April 1980 increase is attributed
primarily to the Nov. 1979 Sierra Negra eruption with a slight
stratospheric contribution from Soufriere of St. Vipcent. The
April 1980 to July 1980 increase in stratospheric SC, (an addi-
tional factor of three above the April 1979 ambient, added to the
Sierra Negra contribution) 1s attributed primerily to Mt. St.
Helens. The Mt. St. Helens July 22 eruption was measured over thg
North central U.S. during the July sampling. Another distinct SO,
plume at 19.5 xm observed over Alaska on Aug. 10 and 11 apparently
came from an unreported stratospheric injection from Garelol
Volcano on August 8, 1980.

Quartz Crystal Microbalance Cascade Impactor measurements and
filter sampling on the July-Aug 1980 flights revealed almost no
residual ash in the stratosphere. The S0, aerosol sizes centered
b2tween 0.6 and 0.3 pm aerodynamic diameter.



I.  INTRODUCTION

For nearly 20 years WB-57F aircraft have been used to monitor radioactive
species in the lower stratosphere over the western hemisphere. During the
last decade the same type of filters used to assay lower stratospheric concen-
trations of radioactive aerosols have also been analyzed for sulfate. Prior
to June 1974, these sampling missions spanned four altituses between 12.2 km
and 19.2 km from 51°S to 75°N latitude four times a year. Since June 1974
samples have been collected only three times each year (April, July and October)
from the equator to 75°N.

When Mt. St. Helens erupted on May 18, 1980 with injection of a consider-
able mass of material into the upper troposphere and lower stratospnere. we
"borrowed" two flights from our scheduled July 1980 Airstream mission to
obtain early time data. These chemical and physical data on the nature of the
material injected provide a basis for understanding the subsequent rise and

decay of lower stratospheric aerosol concentrations.

II. SAMPLING AND ANALYSIS

A sequential sampling system using cellulose fiber IPC-1478 filters
collected aerosol for suhsequent analysis. On some flights cascade impactors
were used to measure size-dependent properties of the aerosol. The filter
samples were assayed for radioactive and soluble species. After leaching for
soluble ammonium total nitrogen and sulfate cnalysis by auto analyzer colori-
metry the filter residues were ashed at 400°C to destroy the cellulose and
provide a measurement of insoluble, nonvolatile volcanic ash. Portions of the

filter were assayed for trace elements by neutron ac*tivation analysis (NAA).



-g-

Additional portions were examined with scanning electron microscopy (SEM) and
assocated energy dispersive X-ray fluorescence to determine particle morphology,
size, and mineral and glass phase distributions. Cascade impactor samples
were also assayed by NAA and SEM to determine size dependence of elemental and
morphological parameters. One of the cascade impactor samplers employs a
series of quartz crystal microbalances (QCM) as the collecting surface for
each stage and provides a direct measure of mass vs. aerodynamic perticle size
distribution. Whole air samples were taken for measurement of trace gases.
Radon, carbon dioxide, and halocarbons were measured. Samples were collected
on May 20 and 21, 1980 (about 48 and 72 hours after the May 18 eruption) as
shown in Figures 1 and 2 and on the regular thrice yearly project "Airstream"

flights illustrated in Figure 3.

III. RESULTS AND DISCUSSION

A. Mt. St. Helens Atmospheric Plume Downwind 2000 to 3000 km from the
Eruption of May 18, 1980

Concentrations of sulfate and insoluble-nonvolatile ash on the May 20 and
21 t1ights for each filter are indicated in Table 1. Silicate ash particles
ranged in size from 0.5 pm to 10 pm, with median sizes of 1.0 ym to 2.0 pm
(Table 1), as measured by SEM examination of the ash particles on the filters
(prior to leaching for sulfate analysis). A1l of the ash particles examined
were angular glass pyroclasts (Figure 4); no mineral phaces were observed in
our high altitude samples. There appears to be a lower ash-particle size
1imit of about 0.5 pm (long axis). The apparent process by which the ash
particles found at high altitude are formed is the fragme.tation of thin
glassy vesicle (bubble) walls. The very thin vesicle walls dre indicative of

high gas content in the erupted magma.



Examination of the sulfate and ash data given in Table I, together with
the sampling locations given in Figures 1 & 2 shows considerable vertical and
lateral fractionation between these two classes of debris. The sulfate, which
has gaseous precursors (502' C0S, etc.) in the erupti.n cloud, tends to be
enhanced at higher altitudes, similar to the trend of sulfate to ash ratios
(1/15 to 6/1) observed for the April 17, 1979 eruption of Soufriesre of St.
Vincent (13°20'N, 61°11'W). Horizontal ditferences in the cloud may be asso-
ciated with temporal changes in the ejecta during the rather extenied May 18
eruption. This is apparent in samples 12 through 15 at 18.29 km.

Neutron activation analysis data for the May 20 and 21, 1980 flights are
listed in Table II. The results for each element are presented as percent of
total ash collected on the filter expressed as the most usual oxide for each
element. The total ash mass used as the basis for each sample includes the
weighted residual ash on the filter (ofter the water soluble material has been
leached out and the filter cellulose has been destroyed by heating to 400°C)
plus the mass of sodium, potassium, calcium and magnesium measured in the
leach solution by flame ionization atomic absorption. Mass not accounted for
includes other soluble elments not measured by AA and insnluble material that
is volatile at 400°C. Based c¢n known chémical solubilities and volatilities,
end comparison of these NAA data with independent elemental analyses of ash
fall samples, it can reasonably be assumed that the "unaccounted for" mass is
insignificant as regards corsutation of percent elemental composition. Although
silica was not determined, it can be assumed to be essentially equal to the
difference between 100% and the sum of the measured elemental contents.

Conparison of the arsenic concentration for sample 5 (Table II) with
earth crustal abundance (5 ppm As) and preliminary data from two Mt. St.

Helens ash fall samples (average of 1.4 ppb As) shows much lower enrichment



in plume samples than previously measured by Zoller at St. Augustine volcano.
Similarly, the 210po/210ph ratios given in Table I are all near the secular
equilibrium value of 1.0 and do not show great enhancement in the more volatile
polonium of factors from 10 to 40 as reported by Lambert (Lambert et al.,

1979) for some volcanos. The Mt. St. Helens Po/Pb results are similar to

those which were found for the April 17, 1980 eruption of Soufriere of St.
Vincent (Sedlacek et. al. 1980). However, sufficient data have not yet been
compiled to understand what volatile trace elements will tell us about “he
nature of the Mt. St. Helens eruption.

In considering the elemental composition of the samples listed in Table II,
nne should bear in mind that samples 1 and 2 were collected below the tropopause
and may contain some material which is not of Mt. St. Helens origin. The
analysis for sample 14 seems very unusual, since no aluminum was found and the
iron content is quite high. Based on sampling locations, see figure 2, sample
15 should represent the earl art of the rather extended May 18 eruption and
sample 13 a later part. The unusuai relationships of Al, Fe, Ci, Mn, and
.nluble Na and Ca vs. total Na and Ca contents found in samnles 13, 14 and 15
may be due to changes in the character of the ash during “he eruntion.

Four-stage cascade impactor samples at 18.2%8 kn on the May 21, 1980
flight were examined with the SEM and compared with pre Mt. St. Helens eruption
samples. Two types of particles were apparent; (1) particles which were
solid, nonvolatile in the SEM and whose measured cdimensions exceeded the
theoretical 50X cutoff aerodynumic diameter of the preceeding stage; (2) par-
ticles which were volatile in the SEM but left countable impressions on the

collecting substrate. Particle number concentrations for each stage are

listed in Table III.



To understand the physical and chemical data from the samples collected
on May 20 and 21, 1980; one would like to know what portion of the eruption
cloud was being sampled. This requires linking the sampling data to cloud
trajectories derived from soundings of atmospheric air movements. Two sets of
trajectories have been put forward. Those computed by Dr. Ed Danielsen of
National Aeronautics and Space Administration (NASA)/Ames Research Center are
shown in Fig. 5. Another set computed by Drs. Gus Telegudas and Roland Draxler
of the National Oceanic and Atmospheric Administration (NOAA)/Air Resources
Laboratory are shown in Figure 6. The 100 mb (16 km) trajectory by NOAA
trajectory is essentially the same as the NASA 100 mb trajectery shown in
Fig. 5. The NOAA 200 mb (12 km) trajectory is slightly further north over
Kansas and Missouri and considerably faster than the 100 mb pathway. It seems
evident that the May 20, 1980 intercept of high ash concentrations at 15.24 km
over Western Kansas (see Fig. 1 and Table I sample #5) was in a zone of wind
sheer between the 100 mb and 200 mb levels.

However the 18.29 km sampling of May 21, 1980 derzs not match the NASA
trajectories of Figure 5 at 70 mb (18 km). One possibility is that the 100 mb
material leaving the vicinity of Mt. St. Helens (Figure 5) is "lofted" as in
crosses the Rocky Mountains. and is the debris which was sampled at 18.29 km
on May 21. This phenomena has been seen before in Aitken nuclei data (Podzemek
et al., 1977). Of importance in this discussion is which U-2 afrcraft sampling
data from May 19 at positions closer to the eruption site should be compared
to the WB~57 samples of May 21, U-2 data from 70 mb or U-2 data from 100 mb,
when addressing questions of changes in the debris clouds physical and elemental

composition during transport.



B. Comparison of Mt. St. Helens Plume with other Volcanic Plumes

In addition to the special sampling flights flown, routine sampling for
the radioactive inventory of the upper atmosphere is done each spring, summer,
and fall as part of Project Airstream. Sulfate data from the last two yoars
of this sampling is listed in Tables IV-IX. A careful examination of seasonal
changes in these data reveal that the upper atmosphere was relatively clean
with regard to sulfate from late 1978 through late 1979. Excluding common
data points between data sets where one or both concentrations were less than
the detection limit of about 0.4 ppbm (parts per billion by mass), and averag-
ing ratios of all othe. common data points between sets produced the relative
changes in stratospheric sulfate concentration listed in Table X. The excluded
values are primarily from data points at or below the tropopause. These
ratios should be regarded as only suggestive (or confirmatory of other data)
rather then definitive.

It appears that in July 1979 and October 1979 there was some small effect
from Soufriere oi St. Vincent (see Table XI of recent volcanoes with known
stratospheric injection). The factor of two increase in 504= from April 1979
to April 1980 can probably be attributed primarily to Sierra Negra, Galapagos
Islands (0°50'S, 91°10'W). By July-Augugt 1980, Mt. St. Helens (46°12'N,
122°11'W) appears to have increased the average 50: concentration by a factor
of 2.5 relative to the April 1980 level (three times the April 1979 ambient).

The July-August sampling (Table IX) also has revealed a stratospheric
injection of fresh debris from a previously unnoticed explosive volcanic
eruption. Samples collected at 19.2 km altitude from 150°W, 56°N to 62°N also
had 1nsoluble-nonvolatile ash assoriated with them and sulfate levels are
enhanced considerably above the dispersed sulfate from the Mt. St. Helens

eruptions. The considerably raised sulfate on two filters together with



detectable amounts of ash (the stratospheric ash from Mt. St. Helens which was
found on May 20 and 21 was no longer detectable by August using our technique)
indicate that the sampling track had prcbably crossed a fresh volcanic plume.
The QCM impactor also showed about a factor of two increase in aerosol mass
concentration at the same time. These samples were collected on Aug. 10, and
censidering Table XI, two possible volcanoes could have contributed, either
the August 7 eruption of Mt. St. Helens or the eruption of Mt. Gareloi located
in the Aleutian Islards (51°48'N, 178°48'W). Due to isolation and cloud cover
the Gareloi eruption is all but unreported, however on August 9, 1980 a North-
west Orient Airline pilot reported a plume up to 0.5 km (SEAN, 1980). Using
the 70 mb analysis data presented in Figures 7 to 10, augmented by a few
NOAA-6 polar orbiting satellite images, we believe Gareloi vulcano is the most
likely candidate responsible for this stratcspheric injection. The upper
aluitude meteorological data are very sparse in this area, but the satellite
image does show a plume-like feature which could be from Gareloi Volcano on
August 8 and ancther on August 9, at considerable height above the clouds,
moving in the direction shown on Figure 8. The progression, day-by-day, of
plume trajectories of the Mt. St. Helens August 7 eruption debris shown on
Figures 7 through 10 could not have produced the elevated sulfate concentrations
sampled South of Anchorage, Alaska during the Airstream flight. The step by
step movement of a Gareloi plume indicated on Figs. 8 through 10 could have
transported sulfate to the sampling site at the right time. The enhanced
sulfate shown at 19.2 km altitude at 50°N which was collected on August 11,
1980 may be a portion of the Gareloi plume carried further south by the upper
level winds after splitting over the ocean or may be Mt. St. Helens debris

from the eruption of 7 August that has not cleared the area.
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Some of the July-August 1980 flights also collected data with the ten
stage QCM cascade impactor. Other than the fresh debris found on July 24 from
the July 22 Mt. St. Helens eruption, the only material observed was sulfuric
acfd aerosol. On July 24 a bimodal aerosol distribution was observed. Sulfuric
acid droplets had a mean size of 0.07 um (aerodynamic diameter) and silicate

ash had a mean size of 1.5 um (aerodynamic dianeter).

C. Sulfur Gas to Aerosol Conversion

Combining the July 22 eruption (July 24 sampling QCM data) with similar
data from U-2 flights to sample the May 18 and 25 eruntions as shown in Figure
11, suggest that: (1) either some sulfuric acid is directly injected into the
atmosphere or (2) sulfur gases are rapidly converted to SO4=. This is consis-
tent with our observations reported for the Soufriere of St. Vincent eruption
in 1979 (Sedlacek et al. 1980). Since gas phase conversion of C0S, CS, and
SO, by reaction with 0; would take considerably longer than the few days
evidenced here, we propose the following thoughts for consideration. In a
volcanic atmospheric injection there are many fresh reactive surface sites
available for catalyzing chemical reactions on the small ash fragments. There
is also a considerable amount of water vapor present in the eruption cloud
which upon exposure to UV light in the stratosphere will produce a considerably
enhanced hydroxyl radical concentration. The localized concentrations of all
the involved species, S0, COS, CS;, OH, and ash are greatly enhanced in the
eruption cloud. Early time local temperatures are higher in the eruption
cloud due to radiative heating from hot ash particles. The technique of
éxposing an air mixture of S0, and H,0 to UV 1ight in the laboratory to gene-
rate very small aerosols (presumably, by formation of -OH to react with 50;)
for testing and calibration of Aitken nuclei counters has been used by some

experimenters (J. B. Haberl, private communication). Considering these facts
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collectively one should find that a mechanism for conversion of reduced sulfur
gases to sulfate aerosol in a few days by surface catalysed or free radical

reactions is quite possible.

IV.  SUMMARY OF CONCLUSIONS

1. The eruption plume from Mt. St. Helens was fractionated vertically with
the larger, silicate ash particles dominant at lower altitudes ancd smaller,

sulfate particles more abundant at higher altitudes.

2.  Horizontal fractionation of the eruption plume occurred due to temporal

variations in the volcanic ejecta during the rather extended eruption.

3. Most of the larger, silicate ash particles had settled out of the stratos-

phere by late July leaving the smaller sulfate aercsol in the stratosphere.

4, The stratospheric sulfate aerosol concentration was increased by a factor
of two from April 1979 to April 1980 predominately due to the November

1979 eruption of Sierra Negra, Galapagcs Islands.

5. The stratospheric sulfate aerosol concentraticn was increased by a factor
of 2.5 from April 1980 to late July 1980 due to the Mt. St. Helens erup-

tions.

6. An unobserved explosive phase of the volcanic eruption of Gareloi Vclcano,
Alaska may have injected debris into the stratosphere in early August

1980.

7. The sulfur gases present in volcanic eruption clouds convert to sulfate
aerosols within a few days instead of several months as would be predicted

by an ozone oxidation mechanism.
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8. Based on our stratospheric sampling history, in coniunction with an
analysis of known explosive volcanic eruptions, it appears that the
principal contributor to the aerosol layer of the lower stratosphere is

injection of volcanic material.
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TABLE 1
ANALYSIS 1 JR MAY 20 AND 21 FLIGHTS
S0,= Ash*

Sample ¥ Altitude Conc** Conc** Size Range Median Size 27%o Radon
(see Fig. H2) km mb Location ppbm ppbm _um diaw. pm diam. 210py  pCi/m3STP
#May 20, 1980

1 9.45 288 South Central Kansas 2.7 37.9 0.5-2.5 1.5 .5040.1 8.75+.1
2 9.45 288 Central Kansas 1.5 56 0.5-3.0 1.5 .41+0.1

3 12.50 179 Central Kansas 0.7 - - - .4710.1 30401
4 12.50 179  Southwest Ransas 0.8 - - - -

5 15.24 117 West Kansas 25.9 578.6 0.5-10.0 2.0 .62+0.1 1.11¢.1
6 15.24 117 West Kansas, Southwest Neb. 1.3 - - - 1.32+0.4

7 16.77 91 SW Neb.-W Cent. Colorado 1.1 - - - .70+0.1 04+.02
8 16.77 91 W Cent. Colorado-SW Kansas i.2 - - - .4410.1

May 21, 1980

9 15.24 117 North Texas-Central Colorado 1.6 - 0.5-4.0 1.5 .5610.1 .61+.09
10 15.24 117 North Central Colorado 1.0 - 0.4-4.0 1.5 .68+0.2 37+.09
11 15.24 117 South Central Wyoming 2.2 33.3 0.5-3.0 1.5 .72:C.1

12 18.29 72 Cent. Wyo.-South Cent. Wyo. 5.0 38.0 0.5-3.9 1.0 .60%(.5 54+ 09
13 18.29 72 S Cent. Wyo.-W Cent. Colo. 32.8 87.3 0.5-5.0 1.0 1.04+0.2

14 18.29 72 W Cent. Colo.-NW New Mexico 0.6 11.6 0.5-3.0 1.0 15$0.09 L4, 09
15 18.29 72 N N_M.-Central N.M. 36.1 29.6 0.5-3.0 i.C -

*Nonvolatile at 400°C insaluble in H,0.

*XError Jimit estimated to be #25%.
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TABLE I1

ELEMENTAL ANALYSIS DATA FOR FILTERS THAT COLLECTED SUFFICIENT ASH
FOR NAA AND AA ANALYSIS ON MAY 20 AND 21, 1980 FLIGHTS.

: Sample
Element 1 Z 5 _ 11 13 14 15
A1,04 11.2% 29.7% 16. 1% 17.1% 6.61% % 11.7%
Fe,04 5.68 10.7 5.07 11.8 4,85 22.4 15.6
Na,0 4.01 7.61 6.30 7.39 2.71 2.96 6.13
(**)  (0.23) (0.57) (0.14) (4.38) (0.84) (2.91) (1.98)
Ca0 1.85 5.58 3.06 6.33 2.22 2.19 2.50
(**y  (0.47) (1.46) (v.035) (1.86) (1.27) (6.58) (2.68)
K20 1.55 2.51 4.80 .69
(**) (0.049) (0.088) (0.075) (0.085) (0.12) (0.76) (0.31)
Ba0 0.362 1.36 0.059 0.052
Cl V.088 1.23 0.170 0.90 0.37 2.93 0.42
Mn0 0.058 0.158 0.069 0.085 0.084 3.09 0.28
Cu0, 0.01Y 0.502 0.023 0.044 0.89 0.53 0.073
Vo0, 0.0064 0.021 0.0058& 0.015 0.001% 0.0081
Cup0y4 0.0060 0.0020 0.030 0.0085
Ce,04 0.0064 0.034 0.0065 0.26 .N10
Asa04 0.00065
Se0, 0.00073 0.00039 0.0014 0.019
Lag0; 0.01, 0.0030
5m;04 0.00072 0.00049 0.0091
Scy0, 0.0011 0.0015 0.0025 .00048
Cry04 0.034
Eu,05 0.00015
ThO, 0.00075 0.0002Y 0.00068 0.00053 0.0016 0.00°1
?ggas**) EOZEBE 50:42E 5 §0:0692_ %%f%%% §0:21£ 50:692 §0:66E
Ash
ng/m3STP* 46,300 6,800 707,700 40,700 106,800 14,200 36,100
?gl:?1e '412 37%;; 2:283 Z%fg;% 2:659 1:746 S%f%gg
%X Soluble 0.88 2.5 0.32 6.6 2.4 10.9 5.6
Altitude 9.45 kn  9.45 km 15.24 km 15.24 km 18.3 km 18.3 km 18.3 km
Date Sampled 5/20 5/20 5/20 5/21 5/21 5/21 5/21

*Nonvolatile at 400°C and nonsoluble in H,0 by Neutron Activatinn Analysis.
**H,0 Soluble (Nazo. Ca0, K,0, MgO) by Atomic Absurption.
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TABLE II1

FOUR STAGE IMPACTOR: SAMPLES COLLECTED AT 18.29 km on May 21, 1980

Pre-eruption

Aerodynamic .
' diameter
Stage 50% cutoff
1 0.13 um
2 0.11
3 0.07
4 0.05

Post eruption

0 per cm3
solid 0.3
volatile 10

solid 0.5
volatile 3

0

solid
volatile

solid
volatile

solid
volatile
solid
volatile

3 per cm?
0

50
20,000

50
1
25
0



Table IV

October 1978 50; ppbm

Nort Altitude

Lati tude 12.20 km | 13.72 Kkm 15.24 km 16.77 km 18.29 km 19.21 km
0°-3°

3°-6° 0.22

6°-10° 0.3 0.60
10°-13° " 0.06 0.25 0.61
13°-16° 0.06 0.20 0.57
16°-19° 0.08 0.17 0.50
19°-22° 0.05 0.45
22°-25° 0.05 0.08 0.38 0.46
25°-28° 0.08 0.2 0.29 0.6 0.86
28°-30° 0.17 0.12 0.23 0.68 0.60 1.23
30°-33° 0.12 0.26 0.73
33°-36° 0.22 0.51 0.5€
37°-39° 0.20 0.53 0.62
39°-42° 0.17 0.82

42°-45° 0.41 0.29 0.50
45°-48° 0.59 0.43

48°-51° 0.33 0.54 0,78
51°-54° 0.7

54°-58° 0.75

58°-62° 0.27 0.33 0.67 0.59
62°-45° 0.74 0.80 0.46
65°-68° 0.35 0.80 0.77 0.47
68%-71° 0.3 0.76 0.78 0.52
70780 | 0.40 0.68 0.81 . 0,40

AlL values cstimated to have 252 error limits.




Table v

April 1979 SOE ppbm

Tor i Altitude

Latitude 12.20 13.72 km 15.24 km 16.77 km 18.29 km 19.27 km
0°-3° - 0.23 0.22 0.76 0.86
3°-6° 0.18 0.25 0.82 0.90
6°-10° 0.16 0.16 0.21 0.27 0.48

10°-13° 0.24 0.36

13°-16° 0.21 0.41

16°-19° 0.25 0.42 0.49
19°-22° 0.29 0.37 0.59
22°-25° 0.27 0.34 0.58 0.48
25°-28° 0.28 0.37 0.47 0.74
28°-30° 0.17 0.27

30°-23° 0.28 0.37 0.35 0.66
33°-36° 0.26 0.34 0.43 0.58
37°-39° 0.31 0.36

39°-42° 0.34 0.39

42°-45° 0.40 0.40

45°-48° 0.40

48°-51° 0.40 0.63

51°-54° 0.43 0.55

54°-58° 0.38 0.5

58°-62° 0.49 0.43 0.64

62°-65° 0.40

65°-68° 0.55

68°-71° 0.50 0.68

71°-75° 0.48 0.74

All values estimated to have 25X error limits.




Table VI

July 1979 SOE ppbm

Altitude
North
Latitude 12.20 km 13.72 km 15.24 km 16.77 km 18.29 km 19.21 km
0°-3° )
3°-6°
6°-10°
10°-13°
13°-16°
16°-19° 0.19
19°-22° 0.21 0.50
22°-25° 0.17 0.7
25°-28° 0.12 0.16 0.05
28°-30° 0.19 0.09
30°-33° 0.12 0.16 0.4
33°-36° 0.05 0.15 0.29 0.94
37°-3¢° 0.16 0.29 0.37
39°-42° 0.18 0.22 0.5
42°-45° 0.29 0.29 0.66
45°-48° 0.30 0.32 1.03 0.65
48°-51° 0.23 0.82
51°-54° 0.86
54°-58° 0.19 0.93
58°-62° 0.3 0.45 0.92 0.68
62°-65° 0.58
65°-68° 0.44 0.55 0.89
é8°-7N° 1.00 0.58 0.26
71°-75° 0.49

All values estimated to have 235% error limits,




Table VII

October-November 1979 SG, ppbm

orth Altitude '

Lat{ tude 1220 km | 13.72 um 15.24 km 16.77 km 18.29 kn | 19.21 km
0°-3° 0.14 0.20 0.43 0.65
3°-6° 0.13 0.19 0.27 0.63
6°-10° 0.29 0.0€ 0.15 0.37 0.57
10°-13° 0.06 0.74
13°-16 0.08 0.74
16°-19° 0.10 0.66
19°.22° 0.07 0.82
22°-25° 0.09 0.52 0.68
25°-28° 0.10 0.64 .01
28°-30° 0.0 6.1 r 16 0.35 .00
30°-33° 0.08 0.37

33°-36° 0.07 0. 44 0.46

37°-39° 0.06 0.12 0.48

39°-42° 0.17 0.14 0.76

42°-45° 0.22 0.33 0.59

45°-48° 0.24 0.40

28°-51° 0.35 0.28

§1°-54° 0.37

54°-58° 0.50

58°-62°

62°-65° 0.27

65°-68° 0.30

ee*-1N° 0.26

71°-750 0. 29

All values estimuced to have 25% error limite.




Table VIII

April 1980 S0, ppbm

T Altitude

Latitude 12.20 km 13.72 km 15,24 ki 16.77 km 18.29 km 19.21 km
0°-3° 0.23 0.42 0.49 0.93
3°-6° 0.25 0.30 0.35 1.12
6°-10° 0.12 0.25 0.2 0.19 1.19
10°-13° 0.18 0.3¢ 0.3 1.24
13°-16° 0.18 0.19 0.2 1.98
16°-19° 0.25 0.23 0.3 1.25
19°-22° 0.37 0.23 0.46 1.17
22°-25° 0.37 0.18 0.65 1.26
25°-28° 0.29 0.4¢ 0.64 1.76
28°-30° 0.95 0.32 o.N 0.99 1.60 1.56
30°-33° 0.17 0.63 1.28 1.26
33°-36° 0.19 0.87 1.09 1.47
37°-39° 0.30 0.68 0.78 1.5
39°-42¢ 0.59 0.82 1.28

42°-45° 0.63 .M 1.18

45°-48° 0.60 1.67 1.27

48°-51° 1.07 1.04 1.02 0.66
51°-54° 0.58 1.28

54°-58° 0.77 1.08

58°-62° 0.69 1.02 1.16
62°-65°* 0.81 0.81 1.20 0.83
65°-68° 0.80 0.83 1.40 0.96
68*-71" 0.92 0.74 1.10 0.99
71°-75¢ 0.99 0.89 1.15 0.9

All values estimated to have 25X eiror )imits.



Table 1X

July-August 1980 SOZ ppbm

Yot A] Altitude

Latitude 12.20 km 13.72 km 15.24 km 16.77 km 18.29 km 19.21 km
0°-3° 0.33 1.09

3°-6° 0.32 1.02

6°-10° 0.22 1.09 1.25 1.53
10°-13° 0.14 0.79 1.52
13°-16° 0.29 1.17 1.66
16°-19° 0.26 1.74 1.79
19°-22° 0.38 1.76
22°-25° 0.83 2.16
25°-28° 0.61 1.45
28°-30° 0.12 1.52

30°-33° 0.17 1.25 2.45 2.4
33°-36° 0.16 0.98 3.35 2,94 (1.7)
37°-39° 0.14 0.97 3.60 3.04
39°-42° 0.21 2.22 2.82

42°-45° 0.54 2.81 2.96 4.15
45°-48° 3.15 2.99 4.4
48°-51° 3.24 2.96 1.46
51°-54° 3.10 3.3 1.78
54°-58° 3.34 3.74 2.61 (6.9)*
58°-62° g8.83 (3.8)*
62°-65° 3,07 2.3 2,50
65°-68° 3.34 3.26

68°-71° 2,70 1.87

71°-75° 3.3 2.73 2.2

*(nonvolatile - tnsoluble ash)
All valuas estimated to have 25X error limits.



RELATIVE CHANGES IN ¢

Airstream Cycles Rat

_17-

TABLE ¥
TRATOSFHERIC SULFATE INVENTORY

ioed Average Ratio

April 1979 / October 1978
July 1979 / April 1979
October-November 1979 / A
April 1980 / April 1979
July-August 1980 / April
July=-August 1980 / July 1
July-August 1980 / April
*(very few common data points)

KNOWN VOLCANIC ERUPTIONS WHICH E

Soufriere of St. Vincent
(13.33°N - 61.18°W)

Sierra Negra
(0.83°S5 - 91.17°W)

Mt. St. Helens
(46.20°N - 122.18°W)

Gareloi
(51.80°N - 178.80°W)

Hek1la
(63.98°N - 19.70°W)

0.98

1.50%
pril 1979 1.24

2.17
1979 4.82
979 5. 06
1980 2.57
TABLE XI

NTEKED THE STRATOSPHERE DURING 157%-1980

Reported
Altitude
13, 14 April 1979
17 April 1979 18.7 km base
13 November 1979 >14 krm
18 May 1980 >20 km
25 May 1980 >12 km
12 June 1980
22 July 1980 16 km base
7 August 1980 >13.5 km
8 August 1980 >10.5 km
17 August 1980 =15 km
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Figure |.
Flight path for sampling of plume from Mt. St. Helens on May 20,1980,
(Sample numbers refer tu tabulated data.)
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Figure 2.
om Mt. Sc. Helens on May 21, 1980.

Flight path for sampling of plume £x
(Sample numbers refer to tahulated data.)



Figure 3.
Sampling route for Project Airstream.
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Figure 4. Typical scanning electron micro
May 20 and %1, 1980, a) Angular shard, sh
vesicle walls. Analysis indicates it is a
rhyolitic glass component of ash fall
glass pyroclasts on a filter fiber.

8rphe of pyroclasts collected on

owing curved surface of broken
eilica-rich glass, similar to the

samples. b) Angular, blocky rhyolitic
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Figure 5.
ilpper air trajectorics for the May 18,1980 Mt. st. Helens eruption

debris calculated by NASA/Ames Research Center. (Leusding edge
indicated as day/GMT time.)

arrival times
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Ficure 7.
METEOROLOGICAL ANALYSIS WIND AND HEIGHT CHART FOR 7B AT 12097 on Aus. 7, 1930.
(CROSS-HATCHED ARROM INDICATES TRANSPORT OF Mr. ST. llELENS ERUPTION DEBRIS.)



Figure 6..
Upper alr trajectories for the May 18, 1980 Mt. 5t. Hielens eruption
debris calculated by NOAA/Air Resources Lab. (Leadicg edge arrival

times indicated as day/CMT time.)
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Ficuere 8.
FETEOROLOGICAL ANALYSIS WIND AND HEIGHT CHART For 70rs AT 12007 on Auc. 8, 1989.
(CROSS-HATCHED ARROWS INDICATE TRANSPORT OF Mr. St. llevens AND GARELOI DEBIS.)
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Freure 9.

ETEOROLAGICAL ANALYSIS WiND ANL HEIGHT CHART FOR 798 AT 12797 on Avec. 9, 1980.
(CROSS-HATCHED ARPOWS INDICATE TRANSPORT OF Mr. Sv. HeLens anp Gareror Desris.)
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Froure 11.
PETEOROLOGICAL ANMAL7SIS WIND AND HEIGHT CHART FOR 70MB AT 12007 on Auc. 10, 1930.
(CROSS-HATCHED ARROWS INDICATE TRANSPORT OF Mr. Sr. JdeLens AND GARELO1 DEBRIS.)
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Figure 11.

Sulfuric acid aeroesol growth in the stratospheric plume from

M. St. Heleas voleanic eruptions.

May 18
Eruption



